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p,SPOSABUE SENSOR AND METHOD OF MAK.NG 
BACKGROUND OF THE INVENTION 

1 Field of .ha invention e,ec,rochemical sensors that 

" P I a y Hs invention relates ,o a new and in^proved 
sample. Particularly, this , method of fabricating 

,..rochen„i«l ^^^ -2^!^^.. L invention relates to a disposable 
electrochemical senso^^M P ^^^^ ^^^^ 

electrochemical senso^^ h^™ 

particulady, this invention re^.e P ^ ^^^.^^ 

gives aco^rate readings ,n the p^sence ^^^^^^ ^^^^ 

cells ,^™,ocn.,. Still ^^^'^^^ ^^l,^^,^ electrochemical assays 

:::r:;=r::- -^^^^^^^^ 

2 Description of the Prior Art .urooripcades They are used 

,0 determine —''7 , *at the concentration o. 

,,ood glucose - — '' J 3,^,, „ g„cose levels have become 
measure ^ ^^^ ^^ .mions 0, diabetics. Because this 

, everydaynecess e o - ^^^^^^^^^ 

disorder can ca-e da j ^^^^ ^^^^^^^ ,^ 

insulin injections. It the conu ,f,«,ered blood pressure 

- even '^^^^^^^^ I °' -'^^ 

the normal range, the excess diou y 
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Thnq the measurement of blood 

:r:::;:=r::::::.- 

blood testing. enzyme electrode combined 

e,ec.rode resuU.ng ,n a - ^^^^^^^^^^^^ 

-™nlv - ,^ J,,,^^^ Many sensors based on 

- aredisc,osedln..e,o,,o»ng^.en,^^^^ Carter e. a,,, discloses an el^rcde 
U.S. paten. No. 6.628,890 (19 ^ ^^^^^^^^ ^.^^^^^^ ^ 

suip naving an electrode support, a re., nc^ ^^^^^^^ ^^^^^^^ 

tt,e support, a «orKlng electrode spaced , om ^^^^^^^^^ 
on tne support, a covering layer de„n,ng ^^^^ ^^^ ^ „e 

----- a;~r^^^^^^^^^ 

enclosed space, and a plurality ^ ^3„ple 

^.^en the covering layer and the support. The ^ 9 ^^^^^^ ^^^^^^^^ 

.action and the -0'^'"^^^°^^ Hematocrit on the sensor 

TNs device proposes to edu e ^^^^^^^^^ ^^^^.^^ 

:;::::;:;:::::::s 
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U s paten. No. 6,708,247 (1998, McAleer e. a,,) discloses a disposable 

;!s. strip having a substrate, a reference electrode, a wor.np electrode 
g,ucose test strip ha g ^^^^^^^ ,3, , 

^ t : : nT: .sposed o.. t^e conducive base 

, «>sa.erhav.gbothM.^^^^^^ 

"Cc^n at he iipuid m*re and the first condu.or. has a deposit o, 
positioned .0 ^'^^ ^J ^ electron mediator, A 

:::re::re:;:si:tocon.act.he..reandthesecond 

""'7s patent No. 5,759,364 (1998. Charlton et al.) discloses an 

Lensor having an insulating base plate bearing an electrode 
" r v^I e'Il nanalytetoproducentobileelectrons. The 

on its surface wN^ -«s « ^^^^ ^^^^^^ ^ ^^^^ 

:-::a::::r:i=^^^^^^^ 

rrprndtoincreasetheh,dropHilicna.ureo,.hecaplllarvspace. 

U S Pa.e„. NO. 5,762.770 (1998, Pritchard et a,,) discloses an 

^ n«,r lest strip that has a minimum volume blood sample 
electrochemical - ^ ^^^^^^^^^ ,,,, ,3s a wording and counter 

requirement of about 9 microliters, h ,.»He of the same electrically 

„ electrodes that are substantially the same size and made of the sam 
25 electrodes ^„ ^ i„3,|a,ing substrate. Overlaying the 

conducting — ^ ^ ^^^^,,3, ..udes a cutout ponion that 

eiectrodesisasec d^ 
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,e -eagen, we,, O.e.ay.ng *e .agen, we,, an. a«,xe. .0 .a secona ,ns.a„n, 

. a spreading mesh ma, is ,mpregna,ed w,.h a s.rtactan. 
substrate is a spreading ^ ^^^^^^^^^ 

II S Patent No. 5,755,953 paao, n a ^ h 

. l h.osensor The device genera„y composes an e,ectrcde used ,0 

known interfering substances. „ =, =.n discloses a biosensor with 

U s Patent No. 5,120.420 (1992, Nanka, et al.) discloses 
. lard having an eiectrode system mainiy made c, carbon, an ,nsu,at,ng 
layer, a reaction y ^^^^^^^^ ^^^^^ 3 33„p,e. 

! interference with biosensor readings caused by other 
""::r.;l -ch can o.idl.e a. the same potentiai. Prevalent 
substances .n the sampte ^^^.^^-.^.p^en. As these and other 

r rCtoIrtLs and, conversely, an anificialiy low response rate .or 

'^"rrl^ltrtcomings o, the prior an devices are that thepave a^^^^^ 

™e and require a relatively large quantity of sample volume, 
limited linear - e an^.^^-^^ ,,,,,p„ent of a steady 

Ilts^ a:::.: Jbe aceved. each 0. these sho^mings 
irier individually orwhencor^bined With oneor more Of theother 
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shortcomings contribute to erroneous measurement readings during analysis. 
Preliminary tests performed by the inventors of the present invention have shown 
that the prior art which claims to reduce the effect of hematocrit on glucose 
readings were limited to and worked only in lower glucose concentrations. 

5 Because of the importance of obtaining accurate glucose readings, it 

would be highly desirable to develop a reliable and user-friendly electrochemical 
sensor which does not have all of the drawbacks mentioned above. Therefore 
what is needed is an electrochemical sensor that incorporates an interference- 
correcting electrode to minimize the interference caused by oxidizable 

,0 substances present in the sample fluid. What is further needed is an 

electrochemical sensor whose response is substantially independent of the 
hematocrit of the sample fluid. What is still further needed is an electrochemical 
sensor which requires less sample volume than previously required by the pnor 
art Yet what is still further needed is an electrochemical sensor which has a 

,5 wide linear measurement range; that is, a sensor having a reduced or negligible 
interference effect and useable over a wider glucose concentration. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved 
electrochemical sensor which combines an enzyme and a mediator, it is a further 
object of the present invention to provide an electrochemical sensor that 
incorporates an interference-correcting electrode to minimize the interference 
caused by oxidizable substances present in the sample fluid. It is a further object 
of the present invention to provide an electrochemical sensor whose response .s 
substantially independent of the hematocrit levels of the sample fluid. It .s st.ll 
another object of the present invention to provide an electrochemical sensor 
which requires less sample volume than previously required by the pnor art. It is 
yet another object of the present invention to provide an electrochemical sensor 
which has a wide linear measurement range. 

The present invention achieves these and other objectives by providing an 
electrochemical sensor which requires a smaller sample size and compensates 
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,or .merterence fro. cx,d,za.le speces ,n .he sample and from van-.ng 
latocn, levels The presen. ,nven«on has a lam.na.ed, elonga.ed t>odv hav,n. 
3 sample fluid channel connected between an opening on one end of t e 
,am,nated .od, and a vent hole spaced from the open.ng. WL^.n - -,d 
channel i.es at least two worK.ng electrodes and a reference electrode The 
rrangement of the two worR.ng electrodes and the reference electrode ,s no. 
Z7Z for purposes o, the results obtained from the electrochemical sensor^ 
he "olg eUodes and the reference electrode are each In electrical contact 
with separate conduaive conduits, respectively. The separate conduCve 
conduits terminate and are exposed for making an electrical connection to a 
:lg device on the end opposite the open channel end o, the lam„,a.ed body. 

The laminated body has a base insulating layer made from a plastic 
n^aterial Several conductive conduits are delineated on the base insulating 
,3,er The conductive conduits may be deposited on the insulating layer by 
screen printing, by vapor deposition, or by any method that provides for a 
IducL layer whiC adheres to the base insulating layer. The conduc^e 

conduits may be individually disposed on the insulating layer, or a conductive 
Irtay be disposed onthe insulating layer followed by etcHng/scribing the 

required number of conductive conduits. The etdning process may be 
aZpllshed Chemically, by mechanically scribing lines in the conduCve layer^ 
b^Zgalaser to scribe the conductive layer into separate conductive conduits, 

o by any means that w,ll cause a breaK between and among the separate 

uc ve conduits required by the presen, invent.on. The preferre conduCve 
Lngsaregold.lmoratinoxide,goldfilmcomposi.ion.:tsho,...po^^^ 

out mat although the same electrically conducting substance (gold .Im o t 
oxide,go,d film) after scoring is used as conducting materia, for both wor.ng 
el Odes and the reference electrode, this material itsel, cannot funct.on as a 
reference electrode. To maKe the reference electrode wcrK, there must be a 
redox reaction (e.g.. Fe(CN)^ * e' - FefCN,.") at the electrically con uCng 
material when a potential is applied. Therefore, a redox mediator must be 
present at the conducting material used for the reference electrode. 



30 



PCT/USOO/15413 

WO 00/73785 

on top of the base .nsulaling layer and the conductive conduits, the 
|am,na.ed body has a (trs. twiddle insulattng layer conta.h.hg cutouts for a. leas, 
two worKthg electrodes and a reference electrode. One of the wording electrodes 
and reference electrode .ay share the same cutout, prov,ded that the electrode 
material (described later) disposed in the cutout ,s scored to isolate the worK.ng 
electrode from the reference electrode. Where three cutouts are used, each 
cutout corresponds to and exposes a small port,on of a single conductive condu.t. 
The cutouts for the working electrodes are substantially the same size. The 
cutout for the reference electrode rnay be the same or different size as the 
cutouts for the working electrodes. The placement of all of the cutouts are such 
,hat they will all co-exist within the sample fluid channel described above. This 
f rst middle Insulating layer is also made of an ihsulating dielectric material 
preferably plastic, and may be made by die cutting the material mechanically or 
with a laser and then fastening the material to me base layer. Ah adhesive, such 
as a pressure-sensitive adhesive, may be used to secure the first middle 
insulating layer to the base layer. Adhesion may also be accomplished by 

.nsulatlng layer may also be made by screen printing the firs, middle insulating 

layer over the base layer. 

The thickness of the first middle layer must be of sufficient thickness for 
loading a sufficient amount of electrode material for use as an electrochemical 
sensor Each cutout contains electrode material. The electrode material has a 
redox mediator with at least one of a stabilizer, a binder, a surfactant, and a 
buffer At leas, one of the cutouts also contains an enzyme capable of ca.alyz.ng 
a reaction Involving a substrate for the enzyme. The redox mediator is capable of 
.ransfernng electrons between the enzyme-catalyzed reaction and the working 

electrode. . , ..^ 

The laminated body also has a second middle insulating layer on top of the 

first middle layer. The second middle layer is also made of a plastic insulating 
, material and creates the sample fluid channel of the laminated body. It contains 
a U-shaped cutout on one end which overlays the cutouts on the firs, middle layer 
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opening Tne ven, opening ,s ooa.e ^^^^ ^^^^^^ 

opening overlays .ne ^no. o, me ^..^^ , escape as 

liatiogiave. — e ,an.ina.ea .o^y^ T.e sample ... 

generally fills me sample f« 
La,ions,mee.en.o,cap.an^^^^^^^^^^^^^ 

,,*ophobio/MrcP«'i^ n^-;^ ^ «e.a.ilUy o, me — 

undergoing capillary action. Th^s . Jso ^^^^^^^^ ^^^^^^^^^^ ^3,,„3, 

capillary forces are enhance. W J^^^^ o. a hydrophobic 
J.me.oplayer,or.ycoa,lng-^^^^^^^^^^ 

,su,a.ing n^aferia, w,m a hydr p* - ,^,,3,ed .ody an 
, ,aces me sample ,.id ^-'^^^'^^Zu^, ^ ,„,ers.ood ma, ah entire side . 

*---™"^:;:r r:.ophi.- 

the top layer may be coateo 

«,e second middle layer. .^^...^ody may be made from any 

insulating layers o, the lam^ ^ 
, aielectricmaterial. The ^-^"^^J,^,^ are polyvinyl chloride, 
acceptable compositions for '^^^^ ,,„,ose h,trate. cellulose 

^ ho nne two and three 

polystyrene. first middle layer can be one, two 

The number of o^touts .n the f.r^- ^^^^^^ 
ormore. - use only one cutout^e^^^^^^^^^^^^^ 

conducfve conduits. The elec-de ^^^^ ^^^^.^^^ and 

.emiddletoseparateitintotwoP-^^^^^^^ 

other acting as the reference electrode. embodiment. 
' L sample volume compared to two or three 

testing a smaller sampie 
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Howeve. .Ns e..o..en. ,ac.s me .n.e.srence an. .e.a.ocn. co.eCcn 

" Llnce electrode Another smbod.men. of .he two outout vers.on 

^T::.he t: ~ - s.,. cuto. ... the two outout 

"T o" Z cutouts contain., etectrode .atena. ,s scored ,n,o two par,s, 
one 0 th ^^^^^^ ^^^^^^ ^ „e 

one part -rvng - a , s w J ^^^^^ ^ ^^^^^^ 

lion This version of the two-cutout emtpodlment has the 
present --..n ^^^^^ 3„„«3 for measuring an 

Terlpr lethan.^ 
: r t:::l- e.hodi.en.. .wo ^outs contain — .r .he 
, . M« ,W1 and W2) and one for the reference electrode (R). W2 
"""" IsteTn "pl- ^ « a substrate 0, the en..e. 
r:r:er:lar:posi.,onedandsi.edinsuc^^^^^^^^^^^ 

--'"■--^'^rrp:r:::rrrwi.hin:esa.p,e 

,l.d channel may be W1 -W2^R, R ^ ^ ^ ^^^^^^^^^ 

«.W2.W1 w«h the '^^^^^^^^^^^ J.,, .penlng. The 
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response from W2 (second working electrode) to calculate the enzyme 
concentration .n the sample fluid. This is achieved by maintaining the surface 
area of W1 substantially equal to the surface area of W2 Also important is the 
composition of the reagents disposed on W1 and W2. The reagents are 
designed to have a minimal effect on the response of the interferences which also 
contributes to the accuracy of the analyte measurement. 

The hematocrit interference is reduced by using a two-step process. First, 
the resistance (r-value) between W1 (first working electrode) and R (reference 
electrode) ,s measured. The r-value is then used to estimate the hematocrit level 
ir. the sample fluid. The following equation represents this relationship: 

r = ki/(1-H) ^q(^) 



where 



15 



r is resistance value measured in Ohms or Kilo-Ohms 
H is hematocrit level 

ki is a constant equal to 4.6 (r measured in Kilo-Ohms) 



Second the hematocrit level value is then used to mathematically correct 
the enzyme concentration reading obtained from above. The following equation 
represents the calculation performed using the calculated hematocrit level from 

20 Eq. (1): 



Eq. (2) 

25 

where 



30 



Ccorr = C^ea / (k2+k3C„«a+(k4+k5C„,ea)(1 "H)) 



Ccor, is the corrected analyte concentration 
C^ea is the measured analyte concentration 
kz is a constant equal to 1 .03 
ka is a constant equal to -0.003 
k4 is a constant equal to -0.1 
ks is a constant equal to 0.0054 

10 
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H is the calculated hematocrit level from Eq. (1) 



The ccastan. values above have been determined for the preferred embod.men, 
of the present .nven.ion Va^ing the surface area of the eleotrode areas and .he 
5 formulations of the reagents may requrre one sRilled in the art to caloulate new 
values for constants k,-ks in order to more acourately determine corrected 

qlucose concentration. 

All of the advantages of the present invention will be made clearer upon 
review of the detailed description, drawings and appended claims. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view of the present invention showing the open end. 
the vent and the electrical contact points of the laminated body. 

,5 FIGURE 2 is an exploded, perspective view of the present invention showing the 
various layers of the laminated body. 

FIGURES 3A, 3B, 3C. and 3D are top views of a strip of each layer of the present 
invention showing the patterns for making multiple sensors of the present 
20 invention. 

FIGURE 3E is a top view of a segment of the laminated strip of the present 
invention showing the patterns for making multiple sensors of the present 

invention. 



25 



30 



FIGURES 4A and 4B are graphs showing the effect of hematocrit on the 
concentration response of the present invention in normal and high 
concentrations of blood glucose. 

FIGURE 5 is a correlation of sample volume on fhe concentration response of the 
present invention. 

11 
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FIGURE 6 ,s a correlation curve of the concentration readings using sensors of 
the present invention versus the concentration readings of obtained on the san.e 
samples using a YSI glucose analyzer. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiment of the present invention is illustrated in 
FIGURES 1 -6 Figure 1 shows a sensor 10 of the present invention. Sensor 10 
has a laminated body 100, a fluid sampling end 110, an electrical contact end 
120 and a vent opening 62. Fluid sampling end 110 includes a sample fluid 
Channel 112 between a sampling end aperture 114 and vent opening 52. 
Electrical contact end 120 has at least three discreet conductive contacts 122, 
124 and 126. 

Referring now to Figure 2, laminated body 100 is composed of a base 
insulating layer 20. a first middle layer 30. a second middle layer 40. and a top 
layer 50 Wl layers are made of a dielectric material, preferably plastic. 
Examples of a preferred dielectric material are polyvinyl chloride, polycarbonate, 
polysulfone, nylon, polyurethane, cellulose nitrate, cellulose propionate^celluiose 
0 acetate, cellulose acetate butyrate, polyester, acrylic and polystyrene. Base 
insulating layer 20 has a conductive layer 21 on which is delineated a first 
conductive conduit 22. a second conductive conduit 24 and a third conductive 
conduit 26 Conductive conduits 22. 24 and 26 may be formed by scribing or 
scoring the conductive layer 21 as illustrated in Fig. 2 or by silk-screening the 
,5 conductive conduits 22. 24 and 26 onto base layer 20. Scribing or scoring of 
conductive layer 21 may be done by mechanically scribing the conductive layer 
21 sufficiently to create the three independent conductive conduits 22. 24 and 
The preferred scribing or scoring method of the present invention is done by 
using a carbon dioxide (CO:) laser, a YAG laser or an eximer laser. An additional 
30 scoring line 28 (enlarged and not to scale: for illustrative purposes only) may be 
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„3.e .u. ,s no. nacessa^ .0 ,ha func.,cna„.y o, sensor 10. along .he outer edge 
rise ,ayer 20 ,n order .o avoid po,en.,a, s.a.,c pro.ems wH,cn oou,d g.ve nse 
,c a no,sy s.gnal ConduCve layer 21 may be made of any elecrically 
: du ,i e Lena,, pra.era.ly gold or «n ox,da;go,d A usea.a ma.er., ,or 
, yer 20 ,s a .,n o.de-gCd polyes.er.m ,Ca.. No FM-1, or a gold polyester 

r<Ca., NO. rM-2, sold by Counaulds Performance P.lms, Canoga ParK, 

'''"°ts. middle layer 30 has a ,irs. electrode cu.ou, 32 »hich exposes a 
portionoffirs.conductivecondui.22. asecondelec.rodeco.ou.34^ich 

1 a portior, of second conducive conduit 24 and a third electrode cutou. 
" :e:lapo.onof.hirdcond„ctivecondui,2e. -Uayer 30 is^^^^^^ 

of a plastic materia,, preferably a medical grade one-sided tape ava„ab^ from 
The^ Research, Inc., of Glen RocK, Pennsylvania, -oeptable th..ness o 
r.ape for use in the present invention are in the range of abou. O.C«3 ,n. 0.76 
!! . about 0 005 in. ,0.127 mm,. One such tape. Arcare^ 7815, was preferred 
:rs 0 ts ease of handling and i. showed good performance in terms of ,.s 

Tb ; .0 hold a sufficien. quan.i.y of chemical reagen.s and .o promo e a 
3 rablebloodflood speed,cap,llarvaction,through sample «u,dchannel1120f 

sensor 10 I. should be understood .hat the use of a tape is no, required. A 
pZ^— glayermaybecoatedwithapressuresensitiveadhes^^^^^^^^^^ 

be ultrasonically-bonded .o base layer 20, or may be silK-screened o to base 
,3yer 20 to achieve .he same results as using me polyester tape mentioned^ 

The three cu,ou.s 32, 34 and 30 define eleCrode areas W1 , R and W , 
respecively, and hold chemical reagents forming .wo worKing electrodes and one 
e H e ectrode. Typically, electrode area R must be loaded wi* a redo 

: en. or mediator .o ma.e .he reference e.eCrode function. If R is noUoad d 
l a redox reagent or mediator, worKing electrodes W1 and m will not worK. 
rlrode areas W1 and R are loaded preferably with ,he same chem.cal reagen. 
,0 facilitate me resis.ance measurement described earlier. The reagente 
;::lbly contam an oxidized form of a redox med.ator. a stabilizer, a btnder, a 
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surfactant, and a buffer Typically, the redox mediator may be at least one of 
ferrocene, potassium ferricyanide and other ferrocene denvatives The preferred 
stabilizer is polyethylene glycol, the preferred binder is methyl cellulose, the 
preferred surfactant is t-octylphenoxypolyethoxyethanol. and the preferred buffer 
is a citrate buffer. Electrode area W2 is preferably loaded with the same 
chemical reagents loaded Into electrode areas W1 and R but with the addition of 
an enzyme capable of catalyzing a reaction involving a substrate for the enzyme 
or a substrate catalytically reactive with an enzyme and a mediator capable of 
transferring electrons transferred between the enzyme-catalyzed reaction and the 
working electrode to create a current representative of the activity of the enzyme 
or substrate and representative of the compound. 

The cutouts and electrode areas of first layer 30 are positioned relative to 
each other and to the flow of the sample fluid in sample fluid channel 112 such 
that the resistance of the sample fluid may be precisely measured and the 
possible carryover from electrode area W2 to electrode area W1 could be 
minimized. Using fluid sample end 110 of sensor 10 as a reference point, the 
arrangements of the electrode areas could be W1-W2-R, W1-R-W2, R-W1-W2. 
W2-W1-R, W2-R-W1, or R-W2-W1. The preferred position was found to be W1- 
R-W2. 

Second middle layer 40 has a U-shaped channel cutout 42 located at 
second layer sensor end 41. The length of channel cutout 42 is such that when 
second middle layer 40 is layered on top of first middle layer 30, electrode areas 
W1, W2 and R are within the space defined by channel cutout 42. The thickness 
of second middle layer 40 was found to be critical for the speed of the sample 
fluid flow into sample fluid channel 112, which is filled by capillary action of the 
sample fluid. 

Top layer 60, which is placed over second middle layer 40, has a vent 
opening 52 spaced from fluid sample end 110 of sensor 10 to insure that sample 
fluid in fluid channel 112 will completely cover electrode areas W1. W2 and R. 
Vent opening 52 is placed in top layer 50 so that it will align somewhat with the 
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bottom of cnannel outout 42 of second middle layer 40. Preferably, vent opening 
52 will expose a portion of and partially overlay the bottom of the U-shaped cutout 
42 of second middle layer 40. 

Preparation of Reagents 1 & 2 
Reagents 1 and 2 comprise the oxidized form of a redox mediator, a 
stabilizer a binder, a surfactant, and a buffer. Reagent 2, in addition, contains an 
enzyme The oxidized form of the redox mediator, potassium ferricyanide, was 
found to be stable in the matrices. The quantity used in the formulation must be 
sufficient to attain a workable linear range. The enzyme must also have sufficient 
activity purity and stability. A commercially available glucose oxidase may be 
obtained from Biozyme. San Diego. California as Cat. No. G03A, about 270U/mg. 
The stabilizer must be sufficiently water-soluble and be capable of stabilizing 
both the mediator and the enzyme. The binder should also be capable of binding 
all other chemicals in the reagents in electrode areas W1. W2 and R to the 
conductive surface/layer 21 of base layer 20. The preferred stabilizer is 
polyethylene glycol (Cat. No. P4338, Sigma Chemicals, St. Louis. MO). The 
preferred binder Is Methocel 60 HG (Cat. No. 64655, Fluka Chemical. Milwaukee, 
Wl) The buffer solution must have sufficient buffer capacity and pH value to 
20 optimize the enzyme reaction. A 0.05M citrate buffer is preferred. The surfactant 
is necessary to facilitate dispensing of Reagents 1 and 2 into cutouts 32. 34 and 
36 of middle layer 30 as well as for quickly dissolving the dry chemical reagents. 
The amount and type of surfactant is selected to assure the previously mentioned 
functions and to avoid a denaturing effect on the enzyme. The preferred 
25 surfactant is Triton X-1 00. The reagents are prepared as follows: 

Reagent 1 

Step 1: Prepare 50 mM citrate buffer (pH 5.7) by dissolving 0.1512 grams citric 
acid and 1 .2580 grams sodium citrate in 100 ml of deionized water. 
30 Step 2: Prepare a 1 % methocel 60HG solution by stirring 1 gram of methocel in 
100 ml of citrate buffer from Step 1 for 12 hours. 

15 
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step 3 Add 0.3 ml of 10% Triton X-100 into the methocel solution 
Step 4 Add 2 5 grams of polyethylene glycol into the solution from Step 3. 
Step 5: While stirring, add 1 gram of potassium ferncyanide to the solution from 
Step 4. 

Reagent 2 

Step 1-Step 4; same steps as Reagent 1 . 

Step 5: While stirring, add 6.5 grams potassium ferncyanide to the solution of 
Step 4. 

Step 6: Add 1 .0 gram of glucose oxidase to the solution of Step 5 and stir for 1 0 
minutes or until all solid materials are completely dissolved. 



Electrode Construction 
A piece of a gold or t,n oxide/gold polyester film available from Courtaulds 

,5 Performance Films is cut to shape, as illustrated in Fig. 2, fomting base layer 20 
of sensor 10. A CO, laser was used to score the gold or tin oxide/gold polyester 
film AS illustrated in Fig. 2, the film was scored by the laser such that three 
electrodes at sample fluid end 110 and three contact points 122, 124 and 126 
were fomied at electncal contact end 120. The scoring line is very thin but 

,0 sufficient to create three separate electrical conductors. A scoring line 28 can be 
made but is not necessary, along the outer edge of base layer 20 to avoid 
potential static problems which could cause a noisy signal from the finished 
sensor 10, 

A piece of one-sided adhesive tape is then cut to size and shape forming 
« first middle layer 30 so that it will cover a majority of the conductive layer 21 of 
base layer 20 except for exposing a small electrical contact area illustrated ,n F,g. 
1 Three rectangular, square or circular cutouts 32, 34 and 36 of substantially 
equal size are punched by COa laser (25W laser available from Synrad, Inc., San 
Diego CA) Cutouts 32, 34 and 36 define the electrode areas W1 , W2 and R 
,0 which hold Chemical reagents. The size o, the cutouts is preferred to be made as 
small as possible in order to make the fluid sample channel 112 of sensor 10 as 
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15 



shon as poss.b,e while s.,11 be.ng capable of holding suff,c,er. chemical reagen, 

,unc„on properly The preferred hole s,ze for the present invention has a 
,„p,cal dirnension of about 0 033 in (0.84 mm, by about 0 043 in (1 ,09 mm, As 
iLstrated ,n Fig, 2, cutouts 32. 34 and 36 are aligned with each other and having 
a spacing of about 0.028 in, ,0.7, mm, between them The rectangular cutouts 
are for illustrative purposes only. I. should be understood that the shape o . e 
cutouts IS not critical provided that the size of the cutouts is big enough to ..old 
sufficient chemical reagents for the electrodes to function properly but small 
enough to allowfor a reasonably small sample ^annel. As noted earlier, 
Changing the shape of the cutouts or the surface area o. the cutouts may repuire 
angln the constant values k,-K.for Ep. 1 and Eq. 2. As stated previously, the 
;redarrangernentof.heelec,rodes,o,medincutouts32.34and30,sW1 

(wcrRIng elect^de 1 ,, R (reference electrode) and W2 (worKIng electrode 2y 

0 4 microliters of Reagent 1 is dispensed into electrode areas W1 and R. 
Reagent 1 Is a mixture of a redox mediator, a stabilizer, a binder, a surfactant, 
and a buffer. The prefeired mixture for Reagent 1 is made by mixtng tt« 
following components in the described percentages (W/W.,: about 1% 
potassiutr, ferricyanide. about 2.5% polyethylene glycol, about 1% me hocel 60 
HG about 0 03% Triton X-100 and about 0.05Mc«rate buffer (pH 5.7). 0.4 

microliters of Reagen. 2 is dispensed into electrode area W2. Reagent 2 is a 
mixture similar to that of Reagen. 1 but with the addition of an enzyme capable of 
catalyzing a reaction involving a substrate of the enzyme. The preferred enzyme 
is glucose oxidase. The preferred mixture for Reagent 2 is made by mixing .he 
following percentages (W/W%) of me following ingredients: about 6.5% 
potassium ferricyanide, about 2.5% polyethylene glycol, about 1% methoce, 60 
HG about 0.03% Triton X-100. about 0.05M citrate buffer (pH 5.7), and about 1 X 
glucose oxidase. After the addition of the reagents, the device was dried for 
about 2 minutes a. 55»C In an oven. After drying, a piece of double-sided tape 
available from Adhesive Research was fashioned into second middle layer 40 
With U-shaped Channel 42. Second middle layer 40 is then layered onto first 
middle layer 30. As mentioned earlier, this second middle layer 40 senses as a 
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.H ,„es the s,.e Of me flu,d sample Channel 112 Its width and length 
,t : ---V .u,c. moving tlo,d sample. The 

rrZ rahnel « ,3 3.0. 0 oa3 ,n .1 .SO mm> .de . aPo. 0..S ,n. 

a trahspatenc. .m (Cat. No. PP2200 . PP2500 ava,lat„e .om 
. „v,pr50 A rectangular »ent hole 52 is made using the 
3M) is fashioned ,nto top '^^'^ ^ ^ ^, , ,,ou. 

CO.aser previous, me-^^^^^^^^^ 

° :r : L ... o, sensor top ..r SO is 

, 0.: second ... . .0 comp,e.e the assem.. as 

— ::t^^^^^^^ 

„nstr::,onLs,n.esensor.thedesign — 

el m over base layer 20 in such a way .ha. a pluralUy o, sensors 
pattern. ,s sized to over b y ^ ^^^^^^ 

10 will be had when comple.ed. The ^ ^^^^^^ 

ir, the Dluralitv of electrode areas W1 , R ana vv^ o 
material disposed in .he plurality „spective cutouts 

and dried, a large piece of second m.a y ^^^^ 

. c:^ ':ir ic: layered onto first midaie layei 
rl'r" . slnall .y. . oontams corresponding 
r a's^of firs. ..die layer 30. A comparably-sized .op layer 50 
a ll 1 1 o, ve. openm. 52 in a repetitive pattern, as shown in Pig. 30, 



30 
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,s layered or^to second middle layer 40. F,g. 3E ,s a top view of the combined 
layers The laminated str.p created by the four layers 20^ 30, 40 and 50 has a 
plurality of sensors 10 that can be cut from the laminated strip. The laminated 
stnp is cut longitudinally along l.ne A-A' at fluid sampling end 210 to form a 
plurality of sampling apertures 114 and longitudinally along line B-B' at electrical 
contact end 220 to form a plurality of conductive contacts 122. 124 and 126. The 
laminated strip .s also cut at predetermined intervals along line C-C forming a 
plurality of individual sensors 1 0. Shaping of the fluid sampling end 120 of each 
sensor 10 as illustrated in Fig. 1 , may be performed if desired. It should be 
understood by those skilled in the art that the order in which the laminated stnp 
can be cut is not important. For instance, the laminated strip may be cut at the 
predetermined intervals (CC) and then the cuts along A-A' and B-B' can be 
made to complete the process. 

The following examples illustrate the unique features of the present 
invention which includes the compensation for varying hemotacrit levels by 
measuring sample fluid resistance and nullification of the interference effects of 
oxidizable species present in the sample fluid. All sensors of the present 
invention were tested or. a breadboard glucose meter manufactured by Nova 
Biomedical Corporation of Waltham. MA. A potential of 0.35 Volts was applied 
across the working electrodes and the reference electrode and the resultant 
current signals v^ere converted to glucose concentrations in accordance v..th the 
disclosure of the present invention. The readings were compared to readings 
(control readings) obtained on the same samples using YSI Glucose Analyzer 
(Model 2300) available from Yellow Springs Instruments, Inc., Yellow Spnngs, 
OH. 

Example 1 

Demonstration of Hematocrit Compensation 
The unique design of the present invention makes it possible to measure 
the resistance of the fluid sample. This is achieved by applying the same 
reagent. Reagent 1 , to the reference electrode R and the first working electrode 
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W1 The chemical reagents used .n Reagent 1 are critrca, for accurate 
.easuren^ent o, the res.stance Reagent 1 can not ccntarn a large arnount of 
salts or any glucose oxidase O.he^.se, the resulfng resistance would no. be 
:Lra.e and would be glucose dependent. For proper tunConrng o, the present 
,nvent,on, it should be noted that a minimun, amount o, a mediator such as 
potassium fernoyanide for the reference electrode is essentral. 

Resistance of a sample fluid, in this case blood samples, be^^,een W1 and 
R IS measured at any time, preferably 20 seconds after a reading device (Nova 
glucose meter, is triggered by the blood samples. Blood samples with drfferent 
hematocrit levels v,ere prepared by spinning a Whole blood sample and 

Imbinlng plasma and red blood oe„s in varying ratios. Hematocn, leve. were 
measured with a micro hematocrit centrifuge. Concentrations o g ucose , he 
various samples were measured by sensors of the present invention (C™.) and 
.y a YSl blood glucose analyzer „he control,. Mode. 2300, Yellow Springs 
instruments. Inc., Yellow Springs, OH. Equations (1, and ,2), previously 
mentioned were used to calculate the corrected glucose concentratton (C.„) 
measured by sensors of the present invention to demonstrate *e — ' 
compensation feature of the present invention. The data obtained was plotted 
,,;p-„3 4A and 4B Show two graphs representing the percent oorrelatron of the 
,0 eadin Obtained using sensors o, the present invention with the Nova glucose 
: ter 0 the readings obtained for the samples using the YSl blood glucose 

levels. 
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Example 2 

Demonstration of Interference Free Feature 
The unique design of the present invention makes it possible to eliminate 
interference from oxidizab.e substances such as ascorbic acid, acetaminophen 
1 acd, and other possible .nte.erants present in the sample, Th. . ^.ve 
by subtracting the response obtained from W1 from the response obta.ned at W2. 
and is represented by the following equation; 
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I = lw2 - Iwi 



Eq. (3) 



where 



concentration in 



lw2 is the current at W2 (second working electrode) 
Iw, is the current at W1 (first working electrode) 
I is the difference between W2 and W1 and represents the 
current due to oxidation of the mediator of its reduced 
form, which is proportional to the glucose 
the sample 



Because W1 and W2 have the same surface area, the potential 
interference present in the sample fluid should give relatively identical signals 
from each working electrode. Even though W1 and W2 had different reagents, .t 
was found that there was no remarkable difference in the response to the 
interference. Thus, the difference in current response obtained in blood samples 
was due to the glucose present in the samples. This was tested by sp.k.ng 
normal and high glucose blood samples with 1 mM and 5 mM ascorbic acd, 
acetaminophen and uric acid. Table 1 shows the percentage response change of 
the readings obtained with sensors of the present invention and various 
commercially available sensors (referred to as Strip 1 . Strip 2, Strip 3 and Stnp 
4) in blood samples having a concentration of 100 mg/dL glucose and 300 mg/dL 
upon addition of the interferents. 




100 mg/dL glucose : ascorbic acid 




Nova 



Strip 1 



26.7 



Strip 2 



19.8 



Strip 3 



21.3 



Strip 4 
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4.5 



133.6 



115.8 



300 mg/dL glucose : ascorbic acid 



100 mg/dL glucose : acetaminophen 

0 I 0 



3.0 



3.4 



34.7 



90.8 



5.7 



38 



300 mg/dL glucose : acetaminophen 



-3.4 



-3.5 



20 



39 



3.5 



8.0 



100 mg/dL glucose : uric acid 
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151.5 



0 



50 



136 



18 



23.7 



Error 




-8.2 



-13.4 



0 



-7.2 



-17.5 




Fro. me test data, one obsen-es .hat .he readings ob.ained from sensors 
0, .he presen. inven.icn show esseh.ia,ly no change in .he presence o, 1 mM and 
5 ascorbic acid and acetaminophen, and 1 ,.M uric acid. Aii con.n.erc,a„y 
available sensors except one. Strip 4, su«er from serious in.er.erer,ce. S r,p 
Showed an "errof for 5 mM ascorbic acid. A. cch=en.rations of 300 mg/dL 
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nf the present .nvention also showed no interference (response 

: .e cc..eraa„v ava.la.e sensors s.owed a.c. 7. .o a^ut 15 . 
-n„ease for 1 r.M ascorb.c add sp.ked samples, and showed a H, 

except for Stnp 4 in samples containing unc acid. 

Example 3 

Der^cnstration of M.mn.™ Samp/e Vo/umas Feature 
The unique design o. .he present inven.,on enables the ° 
Tslaller than which have heretofore been possible. Blood samples 

:::p:::or:isand.hesa.p,es.ra.ui^ 

. nnhole The blood volume required for measurement Of blood 
" "*"tdl™nedbymechannelvo,ume The calculated volume for the 
"""" elTrM mlaoliters. ,n order to test the volume effect on sensor 
" JZZ L sample volumes were applied to the sensors and the 

readingswerepionedagainst 

'^-::rp:r:= 

sensors of the presen ^^^^^^^^ ^^^^^^^^ ^ 

r dRea,en.2appl,ed.0W2permittedthe 

entire sample channel. 



3Q Demonstration 



Example 4 

of Wide Unear Range and Precision Feature 
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A sample of venous blood was collected and separated into several 
aliquots Eactt aliquot v.as spiked with different glucose concentrations ranging 
from 35 to 1000 mg/dL, The aliquots were each measured with a YSl glucose 
analyzer and then w„h sensors of .he present invention using the Nova glucose 
„eter Sensors of the present invention show a linear relationship of current 
' ,esponse vs. glucose concentratioh from 35 to 1000 mg/dL. The concen.ra.oh 
readings were plotted against the oonoentration values obtained using the YSl 
meter (the conlrol) and are illustrated in Fig. 6. 

A regression coefficient of 0.9988 indicated a near perfect match with the 
0 readings obtained with .he YS, blood glucose analyzer. The same aliquots were 
tested using four differen. commercially-available sensors with their 
accompanying meters. The commercially-available sensors showed a linear 
response only up .o abou. 600 mg/dL Above the 500^00 mg/dL range, al, 
commercially available sensors displayed -Hi" as .he test result. 

The precision of the sensors of .he present inven.i0h was ,nves.,9ated at 
the same glucose level range from about 35 .o 1000 mg/dL. Four differen. 
batches of sensors of the present invention were used in the precision tests. 
«, - rela.ive s.andard deviation was about 9.5%, 5.O., 3.5%, 2.9%, and 

. „ in inn 900 500 and 1000 mg/dL levels of 
2.6% for samples containing 35, 1 00, 2UU, ouu, anu 

20 glucose, respectively. 
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What is claimed is: 

1 . A disposable electrode strip for testing a fluid sample comprising. 

a laminated strip having a first strip end, a second stnp end and a vent 
opening spaced from said first strip end, said laminated strip 
comprising a base layer with at least three electrodes delineated 
thereon, a reagent holding layer carried on said base layer, said 
reagent holding layer having at least two cutouts, a channel forming 
layer carried on said reagent holding layer, and a cover; 

an enclosed channel between said first strip end and said vent opening, said 
enclosed channel containing said at least two cutouts; 

a first reagent disposed in a first cutout of said at least two cutouts forming a 
reference electrode; 

a second reagent disposed in a second cutout of said at least two cutouts 
forming a first working electrode, said second reagent being 
substantially similar to said first reagent and containing an enzyme; 
and 

conductive contacts at said second strip end and insulated from said 
enclosed channel. 



20 2. The electrode strip of Claim 1 further comprising: 

a third cutout in said reagent holding layer and contained within said 

enclosed channel; and 
a third reagent disposed in said third cutout forming a second working 
electrode, said third reagent being substantially similar to said first 
25 reagent. 

3. The electrode strip of Claim 2 wherein said first reagent, said second 
reagent and said third reagent contain a redox mediator. 
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4. The elecrode s,np of Cla.m 3 wherein sa.d redox nrediator ,s a. leas, one 
metal complex. 

5 The electrode str.p of Cla.m 3 where.h sa,d at least one redox mediator ,s 
potassium ferricyanide and other inorganic and organic redox mediators, 

6 The electrode strip of Claim 1 wherein said base layer has a conductive 
coating disposed thereon for forming said at least two electrodes. 

7. The electrode stnp of Claim 6 wherein said conductive coating is gold, 

8. The electrode strip of Claim 6 wherein said conductive coaling comprising 
gold and tin oxide. 

9 The electrode strip of Claim 6 wherein said base layer, said reagent holding 
layer, said channel forming layer, and said cover are made of a plastic 
dielectric material. 

10 The electrode strip of Claim 9 wherein said plastic material is selected from 

■ the group consisting of polyvinyl chloride, polycarbonate, polysulfone. nylon, 
polyurethane, cellulose nitrate, cellulose propionate, cellulose acetate, 
cellulose acetate butyrate, polyester, acrylic, and polystyrene. 



11. The electrode Strip 



12. The electrode stnp 

of about 1.44 microliters 



of Claim 1 wherein said enclosed channel is hydrophilic. 
of Claim 1 wherein said enclosed channel has a volume 



13. The electrode stnp 
on at least one side. 



of Claim 1 wherein said cover has a hydrophilic coating 
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14. 



The electrode strip of Claim 3 wherein said first reagent, said second 
reagent and said third reagent further contain at least one of a stabilizer, a 
binder, a surfactant, and a buffer. 

15. The electrode stnp of Claim 14 wherein said stabilizer is a polyalkylene 
glycol, said binder is a cellulose material, and said surfactant is a 
polyoxyethylene ether. 

16. The electrode strip of Claim 15 wherein said stabilizer is polyethylene 
glycol, said binder is methyl cellulose, said surfactant is t- 
octylphenoxypolyethoxyethanol, and said buffer is a citrate buffer. 

17. The electrode strip of Claim 14 wherein said first reagent, said second 
reagent and said third reagent are made from a mixture having starting 
components comprising about 1wt% to about 6.6wto/o of said redox 
mediator, about 2.5wt% of said stabilizer, about 1wt% of said binder, and 
about .03wt% of said surfactant in said buffer. 



18. The 



electrode strip of Claim 17 wherein said citrate buffer is about 0.05M. 



19 The electrode strip of Claim 1 wherein said channel forming layer has a 
thickness sufficient to optimize the flow of said fluid sample along said open 

path, 

20. The electrode strip of Claim 19 wherein said thickness is about 0.007 inches 
(0.1778 mm). 

21. The electrode strip of Claim 16 wherein said first reagent and said second 
reagent are made of a mixture having starting components comprising about 
1wto/c of said potassium ferricyanide, about 2.5wt% of said polyethylene 
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glycol, about 1wt% Of said methyl cellulose, about mw\% of said t- 
octylphenoxypolyethoxyethanoL and said citrate buffer ,s about 0.05M. 

22. The electrode strip of Claim 16 wherein said third reagent is made of a 
mixture having starting components comprising about 6.5wt% of said 
potassium ferricyanide, about 2.5wt% of said polyethylene glycol, about 
1wt% of said methyl cellulose, about .03wt% of said t- 
octylphenoxypolyethoxyethanol, and said pH buffer is about a 0.05M citrate 
buffer, and about 1wt% of said enzyme. 

23. The electrode strip of Claim 22 wherein said enzyme is glucose oxidase. 



24. The electrode strip of Claim 2 wherein the surface area of said first working 
electrode is substantially same as the surface area of said second working 

15 electrode. 

25. A method of using an electrode strip for determining the concentration of an 
analyte, said electrode strip having a first working electrode, a second 
working electrode and a reference electrode wherein said first working 
electrode contains an enzyme capable of catalyzing a reaction involving a 
substrate for the enzyme, said first working electrode, said second working 
electrode and said reference electrode being disposed in a fluid sample 
channel for measuring a fluid sample, said method comprising; 
disposing said fluid sample into said channel of said electrode strip; 
applying a potential between said reference electrode and said first working 

electrode which contains said enzyme; 
measuring a first current generated between said first working electrode and 
said reference electrode and correlating said first current to a 
concentration of said analyte in said fluid sample; 
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measuring a resistance value of said fluid sample between said second 

working electrode and said reference electrode; 
applying said resistance value to a first equation and determining the 

hematocrit level of said fluid sample; and 
calculating a corrected concentration of said analyte using a second 

equation to correct for the presence of hematocrit in said sample, 

26. The method of Claim 25 wherein said method further comprising: 
applying a potential between said reference electrode and said second 

working electrode; 
measuring a second current generated between said second working 

electrode and said reference electrode; 
subtracting said second current from said first current and obtaining a 

current difference, correlating said current difference to a concentration 

of said analyte in said fluid sample. 

27. The method of Claim 26 wherein said method further includes triggering 
said current measuring step when said fluid sample contacts said first 
working electrode, said second working electrode and said reference 
electrode creating said first current and said second current. 

28. The method of Claim 27 wherein said method further includes reading a 
current value for each of said first current and said second current at about 
a time where said current values for each of said first current and said 
second current reach a steady-state. 

29. The method of Claim 28 wherein said reading is taken at about 20 seconds 
after said current measuring step is triggered. 
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30 A disposable electrode str>p for detecting or measuring the concentration of 
at least one analyte ,n a fluid sample, said electrode strip comprising: 
an insulating base stnp having a first base end and a second base end; 
a conductive layer disposed on one side of said base strip and scribed to 

delineate at least three electrically-distinct conductive paths; 
a first electrical insulator sized smaller than said insulating base strip and 
overlaying a substantial portion of said conductive layer, sa.d first 
insulator having at least a first cutout portion and a second cutout 
portion spaced from said first base end, said first cutout portion 
exposing a limited area of a first of said at least three conductive paths 
and said second cutout portion exposing a limited area of a second and 
a third of said at least three conductive paths; 
at least two electrode materials v^herein a first material of said at least tv.o 
electrode materials is a reagent for measuring the concentration of said 
at least one analyte and wherein a second material of said at least two 
electrode materials is a material suitable for use as a reference 
material and for measuring the resistance of said fluid sample, sa.d first 
material being disposed in said first cutout portion and said second 
material being disposed in said second cutout portion, said second 
material being scored to isolate said second material disposed on said 
second of said at least three conductive paths from said second 
material disposed on said third of said at least three conductive paths; 
a second electrical insulator sized to fit over and coextensive with said first 
electrical insulator, said second insulator having an opening configured 
to expose an area of said first insulator a limited distance from said first 
base end of said insulating base strip, said area including said at least 
two cutout portions of said first insulator; and 
a third electrical insulator sized to fit over and coextensive with said second 
insulator creating a sample fluid channel, said third insulator having a 
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third insulator vent aperture spaced from said first base end and 
configured to expose at least a small portion of said opening of said 
second insulator. 

31. The str,p of Claim 30 wherein said sample fluid channel has a volume of 

1.44 microliters. 

32. The strip of Claim 30 wherein said sample fluid channel is hydrophilic. 

33 The device of Claim 30 wherein said first material and said second material 
are mixtures having starting components comprising a redox mediator, a 
stabilizer, a binder, a surfactant, and a buffer. 

34 The strip of Claim 33 wherein said redox mediator is at least one metal 
complex selected from the group consisting of ferrocene, ferrocene 
derivatives and potassium ferricyanide, said stabilizer is a polyalkylene 
glycol said binder is a cellulose material, said surfactant is a 
polyoxyethylene ether, and said buffer has a pH of about 5 to about 6. 

36 The strip of Claim 34 wherein said mediator is potassium ferricyanide, said 
stabilizer is polyethylene glycol, said binder is methyl cellulose, said 
surfactant is t-octylphenoxypolyethoxyethanol, and said buffer is a citrate 

buffer. 

36 The strip of Claim 35 wherein said first reagent is made of a mixture having 
■ starting components comprising about 1wt% of said potassium ferricyanide, 
about 2 5wt% of said polyethylene glycol, about 1wt% of said methyl 
cellulose, and about 0.03wt% of said t-octylphenoxypolyethoxyethanol ,n 
said citrate buffer. 
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37 The stnp of Claim 35 wherein said second reagent is made of a mixture 
having starting components comprising about 6.5wt% of said potassium 
ferncyanide about 2.5wt% of said polyethylene glycol, about 1wt% of said 
methyl cellulose, about 0.03wt% of said t-octylphenoxypolyethoxyethanol, 
and about 1wt% of an enzyme in said citrate buffer. 

38. The strip of Claim 37 wherein said enzyme is glucose oxidase, 

39 The stnp of Claim 30 wherein said insulating base strip, said first electrical 
insulator, said second electrical insulator, and said third electrical insulator 
are made from a plastic material selected from the group consisting of 
polyvinyl chloride, polycarbonate, polysulfone, nylon, polyurethane. 
cellulose nitrate, cellulose propionate, cellulose acetate, cellulose acetate 
butyrate, polyester, acrylic, and polystyrene. 

40 A method of making multiple, disposable sensors wherein each sensor has 
a first working electrode, a second working electrode and a reference 
electrode wherein said first working electrode contains an enzyme capable 
of catalyzing a reaction involving a substrate for the enzyme, said first 
working electrode, said second working electrode and said reference 
electrode being disposed in a fluid sample channel for measuring a fluid 
sample, said method comprising: 

obtaining a base strip of an insulating material having a layer of conductive 
material disposed thereon, said base strip having a first edge and a 

second edge; 

scribing in said conductive material a plurality of lines in a repetitive pattern 
wherein said plurality of lines contain a repetitive pattern form.ng three 
i conductive paths in each of said repetitive pattern; 

disposing a first middle layer of insulating material over said base strip, said 
first middle layer having a repetitive pattern of three cutouts wherein 
each cutout of each of said repetitive pattern exposes an electrode 
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portion of each of said three conductive paths of each repetitive pattern 
wherein said repetitive pattern of said three cutouts are spaced from 
said first edge of said base strip, and wherein said first middle layer is 
sized to expose a contact portion of each of said three conductive 
paths of each repetitive pattern for a distance from said second edge of 
said base strip; 

disposing a first reagent material on two of said three cutouts of each 
repetitive pattern and a second reagent material on the other of said 
three cutouts of each repetitive pattern; 

drying said first reagent material and said second reagent material; 

overlaying a second middle layer of insulating material over and coextensive 
with said first middle layer; said second middle layer having a plurality 
of elongated cutout portions in a repetitive pattern wherein each of said 
elongated cutout portions exposes a corresponding repetitive pattern of 
said three cutouts said first middle layer; 

disposing a top layer of insulating material over and coextensive with said 
second middle layer, said top layer having a plurality of vent openings 
in a repetitive pattern wherein each of said vent openings exposes a 
portion of a corresponding repetitive pattern of said elongated cutout 
portion furthest from said first edge of said base strip; and 

separating each of said repetitive pattern forming one of each of said 
disposable sensors. 

41. The method of Claim 40 further comprising drying said first reagent material 
and said second reagent material at a temperature and for a length of time 
sufficient to allow said first reagent material and said second reagent 
material to solidify and adhere to each of said electrode portion of each of 
said repetitive pattern of said three conductive paths. 
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42. The method of Claim 40 further comprising cutting along said first edge of 
each of said sensors and transverse to said sensors a predetermined 
distance creating a sample inlet port. 
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